Objective: Visual analogue scales are widely used in appetite research, yet the validity of these scales to evaluate appetite and mood has not been assessed in older subjects. The aim of this study was to determine the relations between food intake and visual analogue scale (VAS) ratings of appetite and nonappetite sensations in healthy older and young subjects. Design: Retrospective combined analysis of four single-blind, randomised, controlled appetite studies. Setting: All studies were conducted in the University of Adelaide, Department of Medicine, Adelaide, Australia. Subjects: A total of 45 healthy young men (n ¼ 24) and women (n ¼ 21) aged 18-35 y and 45 healthy older men (n ¼ 24) and women (n ¼ 21) aged 65-85 y were recruited by advertisement. Interventions: Oral, intraduodenal or intravenous administration of treatments which suppressed food intake were compared to control. Up to 90 min after treatment, a test meal was offered and subjects ate freely for between 30 and 60 min. Perceptions were assessed by 100-mm visual analogue scales administered at regular intervals. Results: Food intake at the test meal was positively related to perceptions of hunger, drowsiness, and calmness at both baseline and premeal (r 40.16, Po0.05), and inversely related to premeal ratings of fullness (r4 0.2, Po0.05) in both older and young subjects. Food intake was related to VAS ratings at least as strongly, if not more so, in older as in young subjects. Conclusions: These observations (i) confirm that food intake is related to perceptions of hunger and fullness as assessed by VAS in healthy older and young subjects, and (ii) suggest that sensations, not obviously associated with appetite, including 'drowsiness' and 'calmness', are also associated with food intake.
Introduction
Disordered appetite and feeding contribute to a number of disease states, including obesity and anorexia of ageing (Morley & Silver, 1998; Kopelman, 2000) . In relation to the latter, it is now recognised that healthy ageing is associated with reduced appetite and energy intakeFwhich predispose to protein energy malnutrition (Rolls, 1992; Morley & Silver, 1998) Fimpaired nutritional status has been established as a major predictor of mortality in older men and women (Mowe et al, 1994; Fried et al, 1998) .
In clinical studies, appetite is often assessed using visual analogue scales (VAS), which record subjective sensations, such as hunger, fullness and nausea (Sepple & Read, 1989) . The reproducibility of VAS ratings of appetite and their ability to predict subsequent food intake in young subjects has been demonstrated in a number of studies (eg Mattes, 1990; Flint et al, 2000; Stubbs et al, 2000) . The relations between appetite ratings and food intake may differ between older and young adults. For example, with increasing age there is a weakening of the inverse relation between hunger and fullness present in young adults; after an overnight fast older subjects are less hungry, but not more full than young adults (Wurtman et al, 1988; Rolls et al, 1995; Clarkston et al, 1997) . Despite increasing interest in appetite regulation in the elderly and frequent use of VAS in feeding studies in this age group, the relation between VAS ratings of appetite and food intake has not been assessed in older people.
Mood and sensations that are not obviously linked to food intake, such as anxiety, depression and drowsiness, may be affected by food intake (de Castro, 1987; Wells et al, 1995 Wells et al, , 1997 . Conversely, mood states may potentially influence and be related to food intake.
There is little information on the latter relations in young subjects (Christensen, 1993; Patel & Schlundt, 2001) , and none that we know of in older people.
We hypothesize that the same relations between VAS ratings of appetite and 'nonappetite' or 'mood' sensations and food intake apply for both young and old people, making these scales an appropriate tool for use in appetite studies in both age groups.
Method

Subjects
The results of four appetite studies conducted in the Department of Medicine at the University of Adelaide were combined for analysis (MacIntosh et al, 2001a-c; Sturm et al, 2002) . These studies were chosen as they were all studies we have performed in the last 4 y that compared food intake and appetite sensations (ie hunger, fullness) in healthy older and young subjects in response to an intervention that significantly affected food intake. The within-subject changes in appetite and food intake permitted analysis of correlations between these parameters in older and young subjects.
In total, 45 healthy young men (n ¼ 24) and women (n ¼ 21) aged 18-35 y and 45 healthy older men (n ¼ 24) and women (n ¼ 21) aged 65-85 y were studied (Table 1 ). All studies compared responses in older subjects to an equal number of gender-matched young subjects. All subjects were nonsmokers, apparently free of gastrointestinal disease and not taking medication known to affect appetite. Prior to participation, each subject was assessed for 'dietary restraint' using Factor 1 of the Three-Factor Eating Questionnaire (Stunkard & Messick, 1985) (5.670.5 vs 4.570.4, P ¼ 0.07 older vs young; combined analysis). Subjects who recorded a score of 411, indicating they were restrained eaters (unlikely to eat freely), were excluded. Subjects were assessed for cognitive ability and depression using the Mini-Mental State Examination (score o25 excluded) (Folstein et al, 1975) and Geriatric Depression Scale (score 413 excluded) (Yesavage, 1998) respectively. The Research Ethics Committee of the Royal Adelaide Hospital approved all the studies and each subject gave written, informed consent.
Protocols
Each study was designed to evaluate the effect of an intervention on appetite and food intake in young and older men and women. Treatments (oral preload, intravenous or intraduodenal infusion), and in some cases test meals differed between the four studies. In each study during, or up to 90 min after, the intervention subjects were offered a test meal (cold buffet in study 1, 2 and 4 or hot meal in study 3), in excess of what they would be expected to consume, and invited to eat freely (Lavin et al, 1996) . The protocol and outcome of each of the studies are summarised in Table 1 .
Assessment of appetite
Visual analogue scales. Appetite and other sensations were assessed using 100-mm visual analogue scales (Sepple & Read, 1989) . Seven variables, hunger, fullness, nausea, drowsiness, calmness, desire to eat and prospective consumption, were common to the VAS in all four studies. These scales were administered at intervals of 10-30 min during studies. Subjects were familiarized with these scales prior to the commencement of the study. On each 100-mm line, an appetite (hunger, fullness, nausea) or mood (calmness, boredom, drowsiness) sensation was paired with the opposing sensation or mood, (for example, 'hungry' and 'not hungry' or 'calm' and 'anxious'). Subjects were requested to make a vertical mark on each line that best matched how they were feeling at the time. Each score was determined by measuring the distance from the left side of the line to the mark. To determine 'prospective consumption', subjects were asked F 'How much food do you think you could eat?' with the answer in the range from 'None' to 'A large amount'. Similarly, to determine 'desire to eat' subjects were asked F 'How strong is your desire to eat?' with the answer in the range from 'Weak' to 'Strong'. 'Baseline' appetite values were calculated from the mean of the two time points immediately prior to treatment and 'premeal' data as the mean of two time points immediately prior to consumption of the test meal. Change from baseline was calculated by subtracting 'baseline' data from 'premeal' data.
Food intake. The total amount of food at the test meal was measured by weighing food items separately before and after eating to the nearest 0.1 g (Cook et al, 1997) . Foods consumed at the test meals in each study included wholemeal and white bread, ham, processed chicken and cheddar cheese, tomato, cucumber and lettuce, fresh fruit, chocolate custard and low-fat strawberry yoghurt, flavoured milk and fruit juice. In addition, subjects in Study 3 were offered a tomato-based sauce and pasta dish. Energy content (kcal) and macronutrient composition of the meal were determined using Diet 1 Nutrient Calculation Software (Study 3), Diet 4 Nutrient Calculation Software (Study 1 and 2) or Foodworks 2.10 (Study 4), Xyris Software, Pty Ltd, Highgate Hill, Queensland, Australia (Cook et al, 1997; Andrews et al, 1998) .
Statistical analysis
Data from the four studies were combined for analysis. Data are presented as means 7s.e.m. Energy intake and macronutrient composition in older and young subjects in Food intake and appetite in old and young subjects BA Parker et al individual studies were compared by unpaired-t tests. VAS ratings in old and young subjects were compared by unpairedt tests as the data were normally distributed. Pearson's product moment correlations were calculated between energy intake at the buffet meal and mean VAS ratings of hunger, fullness, nausea, calmness, drowsiness, desire to eat and prospective consumption at 'baseline', 'premeal' and 'change-from-baseline' using SPPS for Windows 10.0 statistical software (Chicago, USA). VAS ratings found to be significantly related to energy intake using the Pearson correlation were then included in a multiple regression analysis (Forwards entry method) to establish independent determinants of food intake. Significance was accepted as Po0.05.
Results
VAS ratings
Baseline, change-from-baseline and premeal VAS ratings for each age group are shown in Table 2 . At baseline, older subjects rated themselves as less hungry, nauseous and drowsy, with less desire to eat and lower prospective consumption scores than young subjects. Premeal, older subjects also rated themselves as less hungry and drowsy, with less desire to eat and lower prospective consumption scores than young subjects. Hunger and prospective consumption ratings increased between baseline and premeal (change-from-baseline) more in older than young subjects. There were no significant differences between groups for Comparison between age groups by unpaired (two-tailed) t-test.
change-from-baseline ratings for hunger, fullness, nausea, calmness and drowsiness.
Relations between VAS ratings and food intake at the study meal In older people the amount of food eaten was positively related to baseline fullness and baseline and premeal hunger, drowsiness, calmness, desire to eat and prospective consumption, and inversely related to premeal fullness. There was a positive relation between food eaten and change-frombaseline desire to eat and prospective consumption, and an inverse relation with change-from-baseline fullness. In young subjects, the amount of food eaten was positively related to baseline drowsiness and calmness and premeal calmness and prospective consumption, while it was inversely related to premeal and change-from-baseline fullness. There were no significant relation between energy intake at the study meal and baseline, change-from-baseline or premeal VAS ratings for nausea.
Determinants of energy intake
Young subjects: Multiple regression analysis of the determinants of energy intake revealed a significant relationship (R 2 ¼ 0.11, Po0.0001) with premeal ratings of calmness (positive) and fullness (inverse). The contribution of premeal ratings of calmness was greater (P ¼ 0.002) than premeal ratings of fullness (P ¼ 0.03).
Old subjects: Multiple regression analysis of the determinants of energy intake revealed a significant relation (R 2 ¼ 0.25, Po0.0001) with premeal prospective consumption and hunger ratings (positive). The contribution of premeal prospective consumption ratings was greater (Po0.0001) than premeal ratings of hunger (P ¼ 0.02).
Discussion
The main aim of this study was to determine the relation between food intake and VAS ratings of appetite sensations, such as hunger and fullness, in healthy older subjects. We were also interested in the relation between 'nonappetite' VAS ratings of moods and sensations and food intake both in older and young subjects. We found that hunger ratings were a poor predictor of test meal food intake in young subjects. This contrasts with several (Flint et al, 2000) but not all (Raben et al, 1995) previous studies, in which significant positive relations between hunger and food intake were found. Perceptions of fullness were a more useful predictor of food intake than hunger in young subjects in our study, with significant inverse relations, as in the previous validation study (Flint et al, 2000) . Nevertheless, although statistically significant, these associations were relatively weak.
In this study, VAS ratings were more closely associated with subsequent test meal food intake in older than young adult subjects. In all, 15 VAS rating parameters, including baseline and premeal hunger, fullness, drowsiness, calmness, desire to eat and prospective consumption, were significantly related to food intake in older subjects, compared to only six in the younger subjects (Table 3) . No VAS parameter was significantly related to food intake in young but not older subjects, whereas the converse was true for four parameters. Of the 15 relations that were significant in at least one age group, the r-values for the correlations were higher in the older than young subjects in all but one, in which they were very similar (premeal fullness; À0.21 young vs À0.195 older). Therefore, although we made no direct statistical comparison of the strength of the correlations between the age groups, it seems that VAS ratings relate as closely (and possibly more so) to food intake in old as young subjects, and it is at least as appropriate to use these scales in studies involving older people.
Our finding that food intake in older subjects is related at least as closely to hunger, fullness and other 'mood' (see below) ratings in older as in young adult subjects, suggests that increases or decreases in these sensations rather than the ability to respond to them, is mainly responsible for Food intake and appetite in old and young subjects BA Parker et al ageing-related reductions in food intake (Rolls, 1992; Morley, 1997) . Indeed, healthy older people in this and other studies consistently rate themselves as less hungry than do healthy young subjects (Wurtman et al, 1988; Rolls et al,1995; Clarkston et al, 1997) . In this combined analysis and the individual studies from which the data are taken, we have not found that old people feel more full than young adults, although others have reported this (Wurtman et al, 1988; Rolls et al, 1995; Clarkston et al, 1997) . Although ratings of desire to eat and prospective consumption increase more from baseline to premeal (change-from-baseline) in older than young subjects, this may reflect their significantly lower baseline values, rather than the effects of the intervention, as their premeal ratings remain significantly below that of the young subjects. The purpose of this study was to validate the use of these scales in older subjects. This study confirmed results by us (MacIntosh et al, 2001a,c) and others (Wurtman et al, 1988; Rolls et al, 1995; Clarkston et al, 1997) that there is a decrease in hunger and voluntary food intake in older compared to young subjects. The causes of this physiological disparity, termed the 'anorexia of ageing', are largely unknown but are likely to include both a decrease in central feeding drive and increased activity of peripheral satiety signals. Among the latter, we have found evidence of a possible increase in activity of the satiety hormone CCK (MacIntosh et al, 2001c) . We have also identified ageing-associated changes in gastric function, which tend to suppress appetite and food intake. These include slower gastric emptying (Horowitz et al, 1984; Clarkston et al, 1997) , delayed postprandial gastric relaxation (Rayner et al, 2000) and more distal distribution of food within the stomach associated with suppression of hunger (Clarkston et al, 1997; Sun et al, 1998) .
No time point clearly emerges from this study as the best in terms of VAS ratings and their relation to food intake at the test meal. It may even be that different time points are better for different sensations. In this study, by univariate analysis, subsequent food intake was most closely related to drowsiness ratings assessed at baseline, fullness ratings assessed as change-from-baseline, and calmness, hunger, desire to eat and prospective consumption ratings assessed premeal, although the latter three may be measuring the same sensation. Nevertheless, premeal ratings were most often those with the highest r-values in the univariate analyses, and multivariate analyses indicated that premeal VAS ratings were those significantly related to food intake in both young and older subjects. It therefore seems, perhaps not surprisingly, that the VAS ratings measured immediately before the test meal are most closely associated with the amount of food eaten at that meal.
An interesting finding of this study was the significant positive associations between ratings of drowsiness and calmness and subsequent ad libitum food intake. These associations were strongest for drowsiness ratings at baseline and for calmness ratings premeal. Indeed, as indicated by the results of the multivariate analyses and the r-values of the univariate analyses, premeal calmness was the VAS rating most closely related to food intake in young subjects in this study, more so than both hunger and fullness. Even though hunger and prospective consumption were the sensations most closely associated with food intake in older subjects, there were still significant positive correlations between drowsiness and calmness ratings and subsequent food intake. We are unaware of previous reports of such associations and can only speculate as to the cause. Although it seems to make sense that a feeling of calmness and relaxation just prior to a meal might translate to increased food intake at that meal, it is perhaps surprising that this is a stronger predictor than either fullness or hunger ratings in young subjects. This finding, including the differential effects of age, warrants closer examination.
